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Introduction 
The treatment and rehabilitation of edentulous and partially edentulous jaws with dental 
implants has become a well-documented and scientifically accepted treatment option (1, 2). 
The number of dental implants placed in the United States has steadily increased in recent 
years, and it is estimated that the field of implant dentistry will continue to grow by 
approximately 12% annually (3). In the late 1990s, dental cone beam computed tomography 
(CBCT) was developed for three-dimensional (3-D) imaging of the maxillofacial region (4). 
Three-dimensional assessment of the proposed implant site is increasingly becoming an 
essential part of the pre-operative treatment planning and pre-surgical work-up for implant 
placement (5-6). The current method of viewing image reconstructions acquired from CBCT 
volumes is through a desktop or laptop computer with dedicated viewing software programs. 
These systems are usually comprised of a desktop computer with graphics cards that can 
handle high-resolution 3-D images and displays with high pixel resolution capabilities. The 
challenge with such conventional display systems is that they are bulky and offer limited to 
no portability. In the last few years tablet computers, such as the iPad, have entered the 
consumer market. They provide a touch screen interface with high-resolution which is 
portable, making this device an excellent tool to visualize CBCT volumes depicting implant 
sites and adjacent anatomy. These devices can be used for pre-operative planning and also 
can be taken into the operative field during implant placement. Tablet devices provide the 
user with excellent image resolution and a wide viewing angle, and the brightness and 
contrast levels are comparable to medical grade diagnostic display monitors; therefore they 
may play an important role in diagnostic imaging in other fields including dentistry (7). Other 
advantages of using a tablet computer are the ease of movement between operatories, ease of 
infection control, and long battery life and light weight; making it a true portable device for 
image review and analysis. The device also can be used in dental offices to explain 
procedures to the patient where the dentist can show various examples including clinical 
pictures, radiographs and also have the ability to navigate through a CBCT acquisition while 
the patient is sitting in the chair. 
The American Association of Physicists in Medicine (AAPM) classifies medical monitors 
into primary and secondary display systems (8). Primary display systems are used for 
interpretation of medical images and have to meet strict performance criteria. Secondary 
display systems are used usually after an interpretative report has been rendered (8).  
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The assessment of anatomical structures and pathological lesions around the proposed 
surgical site is one of the requirements for a successful dental treatment plan, including 
implant therapy. Therefore, diagnostic imaging is essential for dental implant treatment 
planning (9). 
Since the development of tablet computers, much speculation has arisen concerning their use 
in diagnostic medicine and if tablet devices are able to depict the area imaged in a manner 
that does not compromise diagnostic efficacy. John et al. suggested that CT and MRI could 
be used for rendering diagnosis using tablet computers with good agreement with standard 
workstations (10). McNulty et al. (11) found no statistically significant difference in terms of 
overall diagnostic accuracy between the iPad and the secondary displays, suggesting that the 
iPad may be considered to aid in interpretation. Many case specific diagnostic tasks have 
been tested and compared between tablet devices and standard workstations. Doyle et al. 
found no difference between personal computer monitors and Picture Archiving and 
communication system (PACS) workstations for diagnosing wrist fractures (12). Taking the 
sum total of the body of work done in medical radiology, we attempted to translate this 
information to using tablet displays for diagnostic and surgical tasks specific to dentistry. 
Since a majority of routine three-dimensional imaging using CBCT is being done to evaluate 
potential implant sites, we have studied the efficacy of iPad in dental implant treatment 
planning. 
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Hypothesis 
Tablet computer devices, such as iPad, can be used to evaluate CBCT image volumes for 
preoperative assessment of proposed dental implant sites with diagnostic accuracy 
comparable to that of medical grade and consumer grade monitors. 
 
Specific Aims 
Compare a medical grade PACS monitor, a consumer grade monitor, a laptop computer and a 
tablet computer device (iPad4 with Retina display) for the following: 
• Linear measurements of height and width for specific implant sites in the posterior 
maxilla and posterior mandible 
• Visualization of associated anatomic structures 
• Evaluation of trabecular bone pattern  
• Evaluation of overall diagnostic quality  
• Determination of subjective user experience between PACS and iPad 
 
Significance 
If potential implant site evaluation using tablet devices is comparable to that using standard 
work stations, the portable nature of these devices will allow them to be carried into surgical 
operatories to primarily help during surgery, thus contributing to improved patient care. 
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Materials and methods 
Equipment and software: Thirty-two de-identified CBCT scans were evaluated. The scans 
were acquired with a Hitachi CB MercuRay (Hitachi Medical Technology, Tokyo, Japan) 
CBCT unit at the University of Connecticut School of Dental Medicine using the standard 
departmental protocol of 120 KV and 15 mA. 
The inclusion criteria for the study were: 
1. 6” FOV CBCT scan with missing posterior tooth/ teeth in the maxilla and mandible 
2. CBCT scans taken to evaluate an edentulous implant site/s 
Exclusion criteria were scans with: 
1. Artifacts (motion, scatter) 
2. Non-diagnostic quality scans  
All CBCT acquisitions were randomized and assigned a random study number prior to 
evaluation. The DICOM data were saved in an external storage device (Western Digital 1TB 
Portable External Hard Drive).  
All the scans were analyzed using 4 display systems; table 1 shows the different hardware 
technical specifications of each of the display systems used: 
1. A medical grade Picture Archiving and Communication System (PACS) LCD monitor 
(Planar PX212M) 
2. A consumer grade LCD monitor (HP Compaq LA2205wg) using CBWorks software 
(Cybermed Corp., Seoul, Korea),  
3. A 13” MacBook Pro using OsiriX DICOM reader software (Pixmeo, Geneva, 
Switzerland). 
4. An iPad-4 (Apple Inc., Cupertino, CA) using OsiriX DICOM reader software (Pixmeo, 
Geneva, Switzerland). 
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 Planar 
PX212M 
HP Compaq 
LA2205wg 
MacBook Pro iPad with 
Retina display 
Screen size 21.3” 22” 13.3” 9.7” 
Resolution 
(width x 
height; 
megapixel) 
1600 x 1200; 
1.9MP 
1680 x 1050 
1.8MP 
1280 x 800 
1MP 
2048 x 1536 
3.1MP 
Pixel density  94 ppi 90 ppi 113 ppi 264 ppi 
Maximum 
brightness  
300 cd/m2 250 cd/m2 275 cd/m2 434 cd/m2 
Maximum 
contrast 
1000:1 1000:1 700:1 853:1 
Maximum 
viewing angle 
178°(H)/178°
(V) 
160°(H)/160°(V) 178°(H)/178°(V) 170°(H)/170°(V) 
Weight (lbs.) 20.3  15.04  4.5 1.44 
Table 1. Hardware technical specifications of each of the display systems used  
 
 
 
 
 
  
 
 
 
  Fig 1. Picture Archiving and Communication System (PACS) setting 
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  Fig 2. OMFR viewing station using consumer grade screen displays  
 
Control image analyses: The images were reviewed in the OMFR reading room at the OMFR 
clinic in the University Of Connecticut School Of Dental Medicine under standardized 
conditions of light and sound. The DICOM data sets were exported from the external hard drive 
to the Hewlett-Packard xw8200 Microsoft Windows XP professional, version 2002 – Pack 3, 
computer at the PACS work station (Fig 1); to the HP Compaq 8200 Elite Microsoft Windows 
XP professional, version 2002 – Pack 3 (Fig 2), and to the MacBook Pro – Mac OS X, version 
10.8.3, and then imported to CB Works and OsiriX software programs. The scans were 
visualized using CBWorks in standardized settings of controlled light and sound but the tablet 
computer using OsiriX was used in a room with fluorescent light, to simulate normal dental 
office conditions. The user was able to manipulate the images using multiple functions, 
including zoom and histogram tools that control brightness and contrast. The region of interest 
(ROI) was set to the posterior edentulous areas of the maxilla and mandible in the 
premolar/molar region. The length and width of edentulous posterior regions on the maxilla and 
mandible were obtained using CBWorks and OsiriX. Cross sectional images were created using 
the cross sectional image slicer tool provided by the software, and the length was obtained by 
measuring the bone from a repeatable point in the middle of the alveolar crest to the border of 
the cortical bone, trying to be as parallel as possible to the buccal and palatal cortical plates. The 
width was obtained by measuring the distance between the buccal and the palatal/lingual 
cortices in the center of the obtained length.  
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iPad Image Analysis: To simulate an intra-operatory/surgical suite setting, the iPad was 
used by covering the device with a clear plastic sheet to view the images (Fig 3), and 
measurements were done using a stylus pen wrapped inside a sealable plastic bag (Ziplock) 
specifically designed for touch devices (Targus, Anaheim, CA),  
  
  
 
 
 
 
                          
 
              Fig 3. iPad with stylus  
 
The iPad4 was remotely connected to the MacBook Pro through the wireless network using a 
free remote desktop application, Pocket Cloud (Dell Wyse, San Jose, CA) (Fig 4). This is free 
software that can be installed in Windows or Mac computers and provides the ability to access a 
computer creating a Virtual Network Connection (VNC).  
 
 
 
 
 
 
Fig 4. Wireless connection to MacBook Pro using Pocket Cloud 
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The users were asked to review the images and evaluate the display system for qualitative         
and quantitative measurements. Diagnostic quality was also assessed based on qualitative 
measures. For the purpose of this study a simple definition for diagnostic quality was 
developed: diagnostic quality was defined as the ability to visualize predetermined specific 
anatomical landmarks (Table 2) and trabecular bone pattern, the scan should have enough 
resolution to show the region of interest and be able to demonstrate any pathology if present. 
Measurements of the edentulous sites in the posterior maxilla and mandible were done in two 
different sessions (Fig 5 and Fig 6). Quantitative evaluation was done by measuring the 
accuracy of linear measurements of the height and width on cross sectional images between 
the different systems relative to those obtained from the PACS workstation. Linear 
measurements (height and width) of the edentulous areas of the posterior maxilla and 
mandible were compared using the 4 displays to observe if there was any discrepancy. The 
volumes were reviewed in two separate sessions by an oral and maxillofacial radiologist, and 
a 3rd year oral and maxillofacial radiology resident. Each operator used a 2-point scale to 
evaluate the diagnostic quality (diagnostic, non diagnostic) and the bone pattern (within 
normal limits, inadequate). The operators had to identify anatomical structures in each 
display using a 2-point scale (clearly visualized, not visualized). 
 
Anatomical Region (Maxilla) Anatomical Region (Mandible) 
Floor of the maxillary sinus Inferior alveolar nerve 
Maxillary sinus Mental foramina 
Buccal cortex Buccal cortex 
Palatal cortex Lingual cortex 
Incisive canal Alveolar crest 
Alveolar crest Inferior border of the mandible 
Cancellous bone (WNL) 
 
Cancellous bone (WNL) 
Table 2. Anatomical regions evaluated on the 4 displays 
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 Fig 5. Maxillary measurements                    Fig 6. Mandibular measurements 
Gold Standard: The PACS monitor was used as the gold standard. This monitor is classified 
by AAPM as the standard for interpretation of medical radiological images. The 
specifications of such a display system with high resolving capabilities has been proven to 
provide consistency over time that is essential for achieving accuracy and efficiency in 
display of the area of interest to be interpreted. 
User experience between PACS and iPad: The users were asked to answer a short 
questionnaire regarding the experience using the PACS display and the iPad (table 42), a 
Likert scale was used (5, very good; 4, good; 3 acceptable; 2, poor; 1 very poor) and the 
results were tabulated (Fig 10 and 11). 
Statistical analysis: The linear measurements (height and width) of each one of the 
edentulous sites in the maxilla and the mandible were compared between the 4 display 
systems using one-way Repeated Measures ANOVA. The mean, median, standard deviation 
and interquartile range (IQR) of all the measurements was calculated using the 4 display 
systems. Also Kappa measure was used to calculate the intra-class correlation coefficient 
(ICC), to observe the intra-rater reliability. The analysis was performed for each measure 
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using the Statistical Package for the Social Sciences (SPSS version 17.0), and the 
corresponding box plot tables were generated.  
The degree of inter-observer agreement regarding the visualized anatomical structures, bone 
pattern and diagnostic quality was assessed using SAS (version 9). 
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Results 
The boxplots show that the measurements were very similar for each measure (Fig 7). The p-
values for Greenhouse-Geisser were all greater than 0.05, ranging from 0.093 to 0.195 (Table 
3); so there are no significant differences between the monitors for each measure.  
 
                         
Fig 7. Box plot comparing the linear measurements in the maxilla and mandible using the 
different displays 
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  Monitor  
 
p-value Planar HP MBP iPad 
Max 
Height 
Mean 13.63 13.49 13.49 13.55 0.127* 
Sd 4.78 4.65 4.67 4.73  
IQR (10.25, 
16.85) 
(10.05, 
16.55) 
(10.24, 
16.63) 
(10.43, 
16.73) 
 
Max 
Width 
Mean 8.99 8.87 8.87 8.89 0.195* 
Sd 1.84 1.85 1.84 1.85  
IQR (7.65, 10.40) (7.50, 10.40) (7.57, 10.08) (7.51, 10.29)  
Mand 
Height 
Mean 22.46 22.29 22.44 22.43 0.121* 
Sd 3.39 3.23 3.35 3.37  
IQR (20.00, 
25.00) 
(19.90, 
24.90) 
(19.93, 
24.93) 
(20.01, 
25.02) 
 
Mand 
Width 
Mean 10.18 10.02 10.10 10.12 0.093* 
Sd 1.83 1.88 1.79 1.80  
IQR (8.90, 11.10) (8.85, 10.80) (8.97, 10.99) (8.79, 10.91)  
Table 3. Mean standard deviation and interquartile range of the linear measurements in the 
maxilla and mandible using the different displays 
 
The boxplot in Fig. 8 shows the results of the measurements obtained in the second session, 
the measurements were similar than the measurements obtained in the first session. The intra 
class correlation coefficient was calculated (table 4), the p-values for testing ICC =0 are 
0.000. The ICCs values indicate good reliability. The results of the ICC were tabulated in a 
boxplot (Fig 9). 
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Fig. 8. Box plot comparing the linear measurements in the maxilla and mandible using the 
different displays, second session 
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           Table 4. ICC (Intraclass Correlation Coefficient) for intra-rater reliability 
 
Location Monitor 
Planar HP MBP iPad 
Max. height 0.983 0.983 0.981 0.980 
Max. width 0.871 0.913 0.878 0.870 
Mand. height 0.998 0.995 0.996 0.995 
Mand. width 0.995 0.986 0.994 0.997 
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Fig. 9. ICC (Intraclass Correlation Coefficient) box plot 
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Viewer 1 tables: 
Table of Floor_of_the_max_sinus by Floor_of_the_max_sinus 
Floor_of_the_max_sinus Floor_of_the_max_sinus 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
  Table 5. Floor of the maxillary sinus visualization by 1st viewer 
 
Table of Max_sinus by Max_sinus 
Max_sinus Max_sinus 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
    Table 6. Maxillary sinus visualization by 1st viewer 
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Table of Buccal_cortex by Buccal_cortex 
Buccal_cortex Buccal_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
         Table 7. Maxillary buccal cortex visualization by 1st viewer 
 
Table of Palatal_cortex by Palatal_cortex 
Palatal_cortex Palatal_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
         Table 8. Palatal cortex visualization by 1st viewer 
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Table of Incisive_canal by Incisive_canal 
Incisive_canal Incisive_canal 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
         Table 9. Incisive canal visualization by 1st viewer 
 
Table of Alveolar_crest by Alveolar_crest 
Alveolar_crest Alveolar_crest 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
         Table 10. Maxillary alveolar crest visualization by 1st viewer 
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Table of Cancellous_bone by Cancellous_bone 
Cancellous_bone Cancellous_bone 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 12 
37.50 
100.00 
100.00 
0 
0.00 
0.00 
0.00 
12 
37.50 
 
 
Y 0 
0.00 
0.00 
0.00 
20 
62.50 
100.00 
100.00 
20 
62.50 
 
 
Total 12 
37.50 
20 
62.50 
32 
100.00 
  Table 11. Maxillary cancellous bone visualization by 1st viewer 
 
Table of Inferior_alveolar_nerve by Inferior_alveolar_nerve 
Inferior_alveolar_nerve Inferior_alveolar_nerve 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 7 
21.88 
100.00 
87.50 
0 
0.00 
0.00 
0.00 
7 
21.88 
 
 
Y 1 
3.13 
4.00 
12.50 
24 
75.00 
96.00 
100.00 
25 
78.13 
 
 
Total 8 
25.00 
24 
75.00 
32 
100.00 
         Table 12. Inferior alveolar nerve canal (IAC) visualization by 1st viewer 
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Table of Mental_foramina by Mental_foramina 
Mental_foramina Mental_foramina 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
   Table 13. Mental foramina visualization by 1st viewer 
 
Table of Buccal_cortex by Buccal_cortex 
Buccal_cortex Buccal_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
        Table 14. Mandibular buccal cortex visualization by 1st viewer 
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Table of Lingual_cortex by Lingual_cortex 
Lingual_cortex Lingual_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
        Table 15.  Mandibular lingual cortex visualization by 1st viewer 
 
Table of Alveolar_crest by Alveolar_crest 
Alveolar_crest Alveolar_crest 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
      Table 16. Mandibular alveolar crest visualization by 1st viewer 
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Table of Inferior_border_of_the_mandible by Inferior_border_mandible 
Inferior_border_of_the_mandible Inferior_border_mandible 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 1 
3.13 
100.00 
100.00 
0 
0.00 
0.00 
0.00 
1 
3.13 
 
 
Y 0 
0.00 
0.00 
0.00 
31 
96.88 
100.00 
100.00 
31 
96.88 
 
 
Total 1 
3.13 
31 
96.88 
32 
100.00 
Table 17. Inferior border of the mandible visualization by 1st viewer 
 
Table of Cancellous_bone by Cancellous_bone 
Cancellous_bone Cancellous_bone 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 12 
37.50 
100.00 
100.00 
0 
0.00 
0.00 
0.00 
12 
37.50 
 
 
Y 0 
0.00 
0.00 
0.00 
20 
62.50 
100.00 
100.00 
20 
62.50 
 
 
Total 12 
37.50 
20 
62.50 
32 
100.00 
           Table 18. Mandibular cancellous bone visualization by 1st viewer 
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Table of Acceptable_Diagnostic_Quality by Acceptable_Diag_Quality 
Acceptable_Diagnostic_Quality Acceptable_Diag_Quality 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
     Table 19. Diagnostic quality visualization by 1st viewer 
 
 
Regarding the visualization of the anatomical landmarks, cancellous bone and diagnostic 
quality of the scans, Tables 5 to 19 shows the results of the review of the volumes by the 1st 
viewer, the intra-rater reliability is good since almost all the tables show that the results from 
the two times are identical except for the inferior alveolar nerve canal (IAC) with a difference 
of one. The tables 20 to 35 shows the results of the review of the volumes by the 2nd viewer, 
all tables show that the results from the two times are identical, thus the intra-rater reliability 
is excellent. The results of each viewer are summarized in tables 39 and 40. 
Kappa was calculated (Table 37) to measure the intra-rater reliability for categorical data, in 
this study for the inferior alveolar nerve canal, Kappa=0.9130 and the corresponding p-value 
is <.0001. This indicates that there is good intra-rater reliability. 
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Viewer 2 tables: 
Table of Floor_of_the_max_sinus by Floor_of_the_max_sinus 
Floor_of_the_max_sinus Floor_of_the_max_sinus 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
           Table 20. Floor of the maxillary sinus visualization by 2nd viewer 
 
 
Table of Max_sinus by Max_sinus 
Max_sinus Max_sinus 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
   Table 21. Maxillary sinus visualization by 2nd viewer 
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Table of Buccal_cortex by Buccal_cortex 
Buccal_cortex Buccal_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
   
       Table 22. Maxillary buccal cortex visualization by 2nd viewer 
 
Table of Palatal_cortex by Palatal_cortex 
Palatal_cortex Palatal_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
         Table 23. Palatal cortex visualization by 2nd viewer  
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Table of Incisive_canal by Incisive_canal 
Incisive_canal Incisive_canal 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
   
       Table 24. Incisive canal visualization by 2nd viewer 
 
Table of Alveolar_crest by Alveolar_crest 
Alveolar_crest Alveolar_crest 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
 
 
  
      Table 25. Maxillary alveolar crest visualization by 2nd viewer 
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Table of Cancellous_bone by Cancellous_bone 
Cancellous_bone Cancellous_bone 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 12 
37.50 
100.00 
100.00 
0 
0.00 
0.00 
0.00 
12 
37.50 
 
 
Y 0 
0.00 
0.00 
0.00 
20 
62.50 
100.00 
100.00 
20 
62.50 
 
 
Total 12 
37.50 
20 
62.50 
32 
100.00 
 
 
   
          Table 26. Maxillary cancellous bone visualization by 2nd viewer 
 
Table of Inferior_alveolar_nerve by Inferior_alveolar_nerve 
Inferior_alveolar_nerve Inferior_alveolar_nerve 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 8 
25.00 
100.00 
100.00 
0 
0.00 
0.00 
0.00 
8 
25.00 
 
 
Y 0 
0.00 
0.00 
0.00 
24 
75.00 
100.00 
100.00 
24 
75.00 
 
 
Total 8 
25.00 
24 
75.00 
32 
100.00 
 
 
   
       Table 27. Inferior alveolar nerve canal visualization by 2nd viewer 
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Table of Mental_foramina by Mental_foramina 
Mental_foramina Mental_foramina 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
 
 
  
  Table 28. Mental foramina visualization by 2nd viewer 
 
Table of Buccal_cortex by Buccal_cortex 
Buccal_cortex Buccal_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
 
 
  
      Table 29. Mandibular Buccal cortex visualization by 2nd viewer 
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Table of Lingual_cortex by Lingual_cortex 
Lingual_cortex Lingual_cortex 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
 
 
  
     Table 30. Mandibular lingual cortex visualization by 2nd viewer 
 
Table of Alveolar_crest by Alveolar_crest 
Alveolar_crest Alveolar_crest 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
 
 
  
     Table 31. Mandibular alveolar crest visualization by 2nd viewer 
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Table of Inferior_border_of_the_mandible by Inferior_border_mandible 
Inferior_border_of_the_mandible Inferior_border_mandible 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 1 
3.13 
100.00 
100.00 
0 
0.00 
0.00 
0.00 
1 
3.13 
 
 
Y 0 
0.00 
0.00 
0.00 
31 
96.88 
100.00 
100.00 
31 
96.88 
 
 
Total 1 
3.13 
31 
96.88 
32 
100.00 
 
 
   
Table 32. Inferior border of the mandible visualization by 2nd viewer 
 
Table of Cancellous_bone by Cancellous_bone 
Cancellous_bone Cancellous_bone 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 12 
37.50 
100.00 
100.00 
0 
0.00 
0.00 
0.00 
12 
37.50 
 
 
Y 0 
0.00 
0.00 
0.00 
20 
62.50 
100.00 
100.00 
20 
62.50 
 
 
Total 12 
37.50 
20 
62.50 
32 
100.00 
 
 
   
       Table 33. Mandibular cancellous bone visualization by 2nd viewer 
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Table of Acceptable_Diagnostic_Quality by Acceptable_Diag_Quality 
Acceptable_Diagnostic_Quality Acceptable_Diag_Quality 
Frequency 
Percent 
Row Pct 
Col Pct Y Total 
Y 32 
100.00 
100.00 
100.00 
32 
100.00 
 
 
Total 32 
100.00 
32 
100.00 
  
Table 34.  Diagnostic quality visualization by 2nd viewer 
 
Table of Inferior_alveolar_nerve by Inferior_alveolar_nerve 
Inferior_alveolar_nerve Inferior_alveolar_nerve 
Frequency 
Percent 
Row Pct 
Col Pct N Y Total 
N 7 
21.88 
100.00 
87.50 
0 
0.00 
0.00 
0.00 
7 
21.88 
 
 
Y 1 
3.13 
4.00 
12.50 
24 
75.00 
96.00 
100.00 
25 
78.13 
 
 
Total 8 
25.00 
24 
75.00 
32 
100.00 
 
      Table 35. Inferior alveolar nerve canal discrepancy between viewer 1 and viewer 2 
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McNemar's Test 
Statistic 
(S) 
1.0000 
DF 1 
Pr > S 0.3173 
Table 36. McNemar's Test. IAC viewer 1 vs viewer 2 
 
Simple Kappa Coefficient 
Kappa 0.9130 
ASE 0.0853 
95% Lower Conf 
Limit 
0.7459 
95% Upper Conf 
Limit 
1.0000 
 
Table 37. Simple Kappa Coefficient. IAC viewer 1 vs viewer 2 
 
Test of H0: Kappa = 0 
ASE under H0 0.1761 
Z 5.1846 
One-sided Pr >  Z <.0001 
Two-sided Pr > 
|Z| 
<.0001 
 
Table 38. Test of H0. IAC viewer 1 vs viewer 2 
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Anatomic landmark Kappa p-value 
Floor of the max sinus NA (all Y)  
Max sinus NA (all Y)  
Buccal cortex NA (all Y)  
Palatal cortex NA (all Y)  
Incisive canal NA (all Y)  
Alveolar crest NA (all Y)  
Cancellous bone 1.000 (identical) <0.0001 
   
Inferior alveolar nerve 0.913 <0.0001 
Mental foramina NA (all Y)  
Buccal cortex NA (all Y)  
Lingual cortex NA (all Y)  
Alveolar crest NA (all Y)  
Inferior border of the mandible 1.000 (identical) <0.0001 
Cancellous bone 1.000 (identical) <0.0001 
   
Acceptable Diagnostic Quality NA (all Y)  
Table 39. Inter-observer reliability, viewer 1 
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Anatomic landmark Kappa p-value 
Floor of the max sinus NA (all Y)  
Max sinus NA (all Y)  
Buccal cortex NA (all Y)  
Palatal cortex NA (all Y)  
Incisive canal NA (all Y)  
Alveolar crest NA (all Y)  
Cancellous bone 1.000 (identical) <0.0001 
   
Inferior alveolar nerve 1.000 (identical) <0.0001 
Mental foramina NA (all Y)  
Buccal cortex NA (all Y)  
Lingual cortex NA (all Y)  
Alveolar crest NA (all Y)  
Inferior border of the mandible 1.000 (identical) <0.0001 
Cancellous bone 1.000 (identical) <0.0001 
   
Acceptable Diagnostic Quality NA (all Y)  
Table 40. Inter-observer reliability, Viewer 2 
 
When compared to the PACS display and the rest of the display systems the result of the 
data of this study shows that there is a high level of agreement between the two 
observers. Based on the results of this study the iPad has performed comparably to the 
other display systems, and that it produces similar measurements and image 
visualization to the more expensive and heavier systems, thus making it a reliable choice 
to review CBCT images in mobile and surgical settings. 
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Question # Question 
1 What do you think of the user interface? 
2 What do you think of the speed of image 
review? 
3 What do you think of the image display 
size? 
4 What do you think of the image 
resolution? 
5 What do you think of the image 
brightness? 
6 How comfortable is it to use? 
7 How easy is to manipulate? 
8 How is the portability? 
Table 41. Questionnaire  
 
Value  
5 Very good 
4 Good 
3 Acceptable 
2 Poor 
1 Very poor 
Table 42. Likert Scale 
 
 
Fig 10. Survey of users experience using PACS system 
 
	  	   36	  
 
Fig 11. Survey of users experience using iPad 
 
Regarding the user experience when analyzing the data (Fig. 10 and 11) the user 
experience is similar in each category with the most significant difference regarding the 
portability where the PACS display received the lowest score, and the iPad received the 
highest score. 
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Discussion 
The goal of modern dentistry is to restore the patient to normal contour, function, 
comfort, esthetics, speech and health. Replacing missing teeth is the second oldest 
discipline in dentistry, with records of Chinese, carving bamboo sticks 4000 years ago 
with a tooth peg design, and Egyptians using precious metals also with a tooth peg 
design (13). In 1809 Maggiolo used gold in the shape of a tooth root (14). Since the 
1960’s, after Brånemark’s studies, dental implants have been used for restoration of 
edentulous areas in the jaws (15).  The evaluation and treatment planning of such areas 
is done frequently with the use of 3D image acquisitions with LCD monitor 
visualization. Although oral and maxillofacial radiologists use dimly-lit rooms to review 
digital images, many dentists and dental specialists use computers in their brightly lit 
operating rooms to look at the images before or during the implant placement 
procedures. The use of a computer with a LCD monitor has the advantage of providing 
the use of large monitors but it has the inconvenience of requiring more space and being 
more difficult to perform infection control.  
There is limited literature regarding the use of tablet devices for medical and dental 
image analytic purposes.  Since the introduction of the iPad in April 2010, the market 
for tablet computers has increased dramatically. According to International Data 
Corporation (IDC) worldwide tablet shipments continue to surge, the market has grown 
142.4% over the first quarter of 2013 when compared to the previous year, and the 
demand continues to grow (Fig. 12). 
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     Fig 12. Graph showing the tablet computer market growth 
 
These types of devices have many characteristics that made them ideal for regular 
evaluation of dental images: 
Hardware features 
High-definition displays with anti-glare 
technology 
Wireless connectivity 
Weight less than a laptop 
Long battery life 
Easy to clean (Infection control) 
           Table 41. iPad hardware features 
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A tablet device provides the flexibility to move with ease, it is easier to clean and 
provides excellent image qualities that match primary and secondary monitor devices. 
Kim et al. found that OsiriX provides high accuracy and very high reliability when 
compared to real measurements (16). Yamaguchi et al. found no statistical difference 
when measuring AP and transverse measurements of the spinal canal using OsiriX and 
comparing it with a commercial software program (17). Sindhu et al. reported good 
agreement between a PACS workstation and the iPad when reviewing CT and MRI 
images, and with a favorable user experience they suggested that tablet computers might 
have potential as remote mobile radiological image review devices (18). 
The linear measurements in the different display systems were very similar in our study, 
there were no significant differences between the monitors for each measure, this 
demonstrate that current high-resolution tablet computers, such as the iPad, can be used 
for the preoperative dental implant measurements in the dental office. The almost 
complete agreement of the visualization of anatomical structures using the different 
screens shows that even in well illuminate scenario the iPad is comparable to the level of 
visualization obtained in PACS displays and consumer grade monitors used in a dim lit 
room, making it a considerable replacement for larger and heavier LCD screens without 
losing the high quality of resolution. 
One of the advantages of using a table computer is the operator can connect wirelessly 
to a main computer with a password-protected connection, there is no need to download 
the DICOM file into the tablet and the operator has the ability to use a known preferred 
software program. Although there can be a bit of a time lag when using the tablet 
relative to the larger systems, this problem can be solve with faster wireless connections, 
There is also a learning curve when using a touch screen display and a stylus; after the 
user is familiar with the device then the workflow is simpler and relatively fast.  
Although this study only had the specific task of measuring edentulous areas of the 
posterior maxilla and mandible other clinical uses in the dental operatory should be 
explored. With the improve of this type of devices every year and the decrease in their 
cost the question is not if we are going to see tablets in the dental operatories but how 
are we going to adapt it for use it in the dental environment. 
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Conclusions 
The resolution provided by all of the displays we studied provides consistent and 
reliable results in terms of linear measurements and visualization of anatomical 
landmarks in the CBCT volume. The iPad with retina display was comparable to the 
medical grade monitor; this can provide an inexpensive, portable and reliable screen to 
use for implant treatment planning. The development of new software and faster 
wireless connections will help improve the user experience; other studies should be done 
to analyze the potential of these devices in the dental office.  
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